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(57) ABSTRACT

An ECU alternatively changes a target air-fuel ratio At to a
rich side and a lean side by active air-fuel ratio control. The
ECU measures an oxygen storage capacity OSC of an exhaust
purification catalyst based on an oscillation period of the
target air-fuel ratio At and the target aft-fuel ratio At, and
executes a deterioration determination with respect to the
exhaust purification catalyst based on the measurement value.
When executing the deterioration determination, the ECU
closes a waste gate valve to prevent a decrease in the accuracy
of'the deterioration determination that is caused by two kinds
of'exhaust gas whose flow paths are different from each other
arriving at the area surrounding an air-fuel ratio sensor.

4 Claims, 7 Drawing Sheets
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1
CONTROL APPARATUS FOR INTERNAL
COMBUSTION ENGINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national phase application of Interna-
tional Application No. PCT/JP2010/073424, filed Dec. 24,
2010, the content of which is incorporated herein by refer-
ence.

TECHNICAL FIELD

The present invention relates to a control apparatus for an
internal combustion engine that includes a turbo-super-
charger that is favorably used, for example, as a vehicle
engine.

BACKGROUND ART

As the conventional technology, a control apparatus for an
internal combustion engine that has a configuration that per-
forms a deterioration determination with respect to a catalyst
while executing so-called “active air-fuel ratio control” is
known, as disclosed, for example, in Patent Literature 1
(Japanese Patent Laid-Open No, 2010-159701). According to
the conventional technology, the control apparatus measures
an oxygen storage capacity (OSC) of a catalyst while causing
the actual air-fuel ratio to track a target air-fuel ratio by
changing the actual air-fuel ratio to a rich side and a lean side
by active air-fuel ratio control. Further, the control apparatus
is configured so as to correct a measurement value ofthe OSC
based on a deviation between the actual air-fuel ratio and the
target air-fuel ratio, and determine deterioration of the cata-
lyst based on the OSC measurement value after the correc-
tion.

The applicants are aware of the following literature, which
includes the above described literature, as literature related to
the present invention.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Laid-Open No. 2010-
459701

Patent Literature 2: Japanese Patent Laid-Open No, 2010-
480717

Patent Literature 3: Japanese Patent Laid-Open No, 2010-
485371

SUMMARY OF INVENTION
Technical Problem

According to the conventional technology, there are cases
where it is desired to adopt the above described catalyst
deterioration determination in an internal combustion engine
that includes a turbo-supercharger. However, in the case of an
internal combustion engine with a turbo, normally, a turbine
and a waste gate valve (WGV) are arranged in parallel on an
upstream side of a catalyst. With such a structure, a difference
is liable to arise between the characteristics of exhaust gas
that passed through the turbine and the characteristics of
exhaust gas that passed through the WGV. That is, exhaust gas
that passed through the turbine arrives at an A/F sensor
arranged in front of the catalyst in a state in which the exhaust
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gas has been agitated by the turbine. Therefore, in comparison
to exhaust gas that passed through the WGV, exhaust gas that
passed through the turbine is liable to diffuse over a wide area
at the position of the A/F sensor, and the exhaust gas that
passed through the turbine also has a characteristic that fluc-
tuations in the A/F ratio are small.

Accordingly, when a ratio between exhaust gas that passes
through a turbine and exhaust gas that passes througha WGV
changes in response to a change in the degree of opening of
the WGV, the actual air-fuel ratio that is detected by the A/F
sensor is liable to fluctuate in accompaniment therewith. Con-
sequently, when it is attempted to merely apply the catalyst
deterioration determination of the conventional technology to
an internal combustion engine with a turbo, there is the prob-
lem that the actual air-fuel ratio fluctuates depending on the
degree of opening of the WGV, and an error may arise in a
calculation value of the OSC, which leads to a decrease in the
determination accuracy or an erroneous determination.

The present invention has been conceived to solve the
above described problems, and an object of the present inven-
tion is to provide a control apparatus for an internal combus-
tion engine that can accurately determine deterioration of a
catalyst and improve reliability in an internal combustion
engine with a turbo also.

Means for Solving the Problem

A first aspect of the present invention is a control apparatus
for an internal combustion engine, comprising:

an exhaust purification catalyst that is provided in an
exhaust passage of the internal combustion engine and that
has an oxygen storage capability;

a turbo-supercharger that has a turbine that is provided in
the exhaust passage on an upstream side of the exhaust puri-
fication catalyst, and that supercharges intake air utilizing an
exhaust pressure;

a bypass passage that branches from the exhaust passage on
an upstream side of the turbine, and bypasses the turbine and
merges with the exhaust passage on the upstream side of the
exhaust purification catalyst;

a waste gate valve that adjusts an amount of exhaust gas
that flows through the bypass passage;

air-fuel ratio detection means that is arranged on a down-
stream side of a merging position where the exhaust passage
and the bypass passage merge, and that detects an air-fuel
ratio in a vicinity of the exhaust purification catalyst;

active air-fuel ratio control means that alternately changes
a target air-fuel ratio to a rich side and a lean side around a
theoretical air-fuel ratio, and controls an actual air-fuel ratio
that is detected by the air-fuel ratio detection means so that the
actual air-fuel ratio matches the target air-fuel ratio;

deterioration determination means that measures an oxy-
gen storage capacity of the exhaust purification catalyst based
onthe target air-fuel ratio and the actual air-fuel ratio in a state
in which the actual air-fuel ratio is controlled by the active
air-fuel ratio control means, and determines deterioration of
the exhaust purification catalyst by comparing a relevant
measurement value with a predetermined deterioration deter-
mination value; and

determination-time valve closing means that closes the
waste gate valve when executing a deterioration determina-
tion by means of the deterioration determination means.

In a second aspect of the present invention, a control appa-
ratus for an internal combustion engine, comprising:

an exhaust purification catalyst that is provided in an
exhaust passage of the internal combustion engine and that
has an oxygen storage capability;



US 9,273,593 B2

3

a turbo-supercharger that has a turbine that is provided in
the exhaust passage on an upstream side of the exhaust puri-
fication catalyst, and that supercharges intake air utilizing an
exhaust pressure;

abypass passage that branches from the exhaust passage on
an upstream side of the turbine, and bypasses the turbine and
merges with the exhaust passage on the upstream side of the
exhaust purification catalyst;

a waste gate valve that adjusts an amount of exhaust gas
that flows through the bypass passage;

air-fuel ratio detection means that is arranged on a down-
stream side of a merging position where the exhaust passage
and the bypass passage merge, and that detects an air-fuel
ratio in a vicinity of the exhaust purification catalyst;

active air-fuel ratio control means that alternately changes
a target air-fuel ratio to a rich side and a lean side around a
theoretical air-fuel ratio, and controls an actual air-fuel ratio
that is detected by the air-fuel ratio detection means so that the
actual air-fuel ratio matches the target air-fuel ratio;

deterioration determination means that measures an oxy-
gen storage capacity of the exhaust purification catalyst based
onthe target air-fuel ratio and the actual air-fuel ratio in a state
in which the actual air-fuel ratio is controlled by the active
air-fuel ratio control means, and determines deterioration of
the exhaust purification catalyst by comparing a relevant
measurement value with a predetermined deterioration deter-
mination value; and

amplitude correction means that, when executing a dete-

rioration determination by means of the deterioration
determination means, corrects an oscillation width of
the target air-fuel ratio around the theoretical air-fuel
ratio based on a degree of opening of the waste gate
valve.

In a third aspect of the present invention, wherein the
amplitude correction means is configured to decrease the
oscillation width of the target air-fuel ratio as the degree of
opening of the waste gate valve decreases.

In a fourth aspect of the present invention, a control appa-
ratus for an internal combustion engine, comprising:

an exhaust purification catalyst that is provided in an
exhaust passage of the internal combustion engine and that
has an oxygen storage capability;

a turbo-supercharger that has a turbine that is provided in
the exhaust passage on an upstream side of the exhaust puri-
fication catalyst, and that supercharges intake air utilizing an
exhaust pressure;

abypass passage that branches from the exhaust passage on
an upstream side of the turbine, and bypasses the turbine and
merges with the exhaust passage on the upstream side of the
exhaust purification catalyst;

a waste gate valve that adjusts an amount of exhaust gas
that flows through the bypass passage;

air-fuel ratio detection means that is arranged on a down-
stream side of a merging position where the exhaust passage
and the bypass passage merge, and that detects fuel ratio in a
vicinity of the exhaust purification catalyst;

active air-fuel ratio control means that alternately changes
a target air-fuel ratio to a rich side and a lean side around a
theoretical air-fuel ratio, and controls an actual air-fuel ratio
that is detected by the air-fuel ratio detection means so that the
actual air-fuel ratio matches the target air-fuel ratio;

deterioration determination means that measures an oxy-
gen storage capacity of the exhaust purification catalyst based
onthe target air-fuel ratio and the actual air-fuel ratio in a state
in which the actual air-fuel ratio is controlled by the active
air-fuel ratio control means, and determines deterioration of
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the exhaust purification catalyst by comparing a relevant
measurement value with a predetermined deterioration deter-
mination value; and

determination value correction means that, when executing
a deterioration determination by means of the deterioration
determination means, corrects the deterioration determina-
tion value based on a degree of opening of the waste gate
valve.

In a fifth aspect of the present invention, wherein the deter-
mination value correction means is configured to decrease the
deterioration determination value as the degree of opening of
the waste gate valve decreases.

Advantageous Effects of Invention

According to the first invention, when determining dete-
rioration of an exhaust purification catalyst, a bypass passage
can be blocked by determination-time valve closing means so
that only exhaust gas that has passed through a turbine of a
turbo-supercharger is allowed to reach the vicinity of air-fuel
ratio detection means. As a result, the flow of exhaust gas and
fluctuations in the air-fuel ratio can be always stabilized in the
area surrounding the air-fuel ratio detection means without
being affected by an operating state of a waste gate valve.
Accordingly, in an engine with a turbo also, deterioration of a
catalyst can be accurately determined and a decrease in the
determination accuracy and an erroneous determination can
be avoided, and the reliability can be improved.

According to the second invention, when measuring the
oxygen storage capacity, the influence of the degree of open-
ing of the waste gate valve on a measurement value can be
compensated for by amplitude correction means. That is, the
oxygen storage capacity can be stably measured under fixed
conditions without being affected by changes in the degree of
opening of the waste gate valve, and an accurate measurement
value can be obtained. Therefore, in an engine with a turbo
also, deterioration of a catalyst can be accurately determined
and a decrease in the determination accuracy and an errone-
ous determination can be avoided. In addition, when measur-
ing the oxygen storage capacity, since it is not necessary to
stop normal supercharging control or the like and forcibly
change the degree of opening of the waste gate valve, driv-
ability can be enhanced. Furthermore, when an oscillation
width of a target air-fuel ratio is corrected in a decreasing
direction, exhaust emissions can be improved.

According to the third invention, the amplitude correction
means can decrease the oscillation width of the target air-fuel
ratio inaccordance with a decrease in the degree of opening of
the waste gate valve. Since a measurement value of the oxy-
gen storage capacity has a characteristic such that the mea-
surement value increases as the degree of opening of the
waste gate valve decreases, the aforementioned deviation in
the measurement value can be cancelled out by decreasing the
oscillation width when the degree of opening is small.

According to the fourth invention, when measuring the
oxygen storage capacity OSC, even if a change in the degree
of opening of the waste gate valve acts as a disturbance, the
influence of the change on a measurement value can be com-
pensated for by determination value correction means. As a
result, the oxygen storage capacity OSC can be stably mea-
sured under fixed conditions, and a signal-to-noise ratio of the
measurement value with respect to the disturbance can be
improved. Therefore, in an engine with a turbo also, deterio-
ration of a catalyst can be accurately determined and a
decrease in the determination accuracy and an erroneous
determination can be avoided.
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According to the fifth invention, the determination value
correction means can decrease a deterioration determination
value in accordance with a decrease in the degree of opening
of the waste gate valve. It is thereby possible to prevent an
erroneous determination caused by a measurement value that
deviates from a true value due to the influence of a distur-
bance.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an overall configuration diagram for describing
the system configuration of Embodiment 1 of the present
invention.

FIG. 2 is an explanatory drawing for describing a difter-
ence between the flow of exhaust gas that has passed through
the turbine of the turbo-supercharger and the flow of exhaust
gas that has passed through the bypass passage.

FIG. 3 is an explanatory drawing for describing a difter-
ence between air-fuel ratio fluctuations of these exhaust
gases.

FIG. 4 is a flowchart that illustrates control executed by the
ECU according to Embodiment 1 of the present invention.

FIG. 5 shows data map for determining an oscillation width
correction amount of a target air-fuel ratio based on a degree
of'opening of the WGV and an intake air amount according to
Embodiment 2 of the present invention.

FIG. 6 is a timing chart that shows a state in which the
oscillation width of the target air-fuel ratio is corrected.

FIG. 7 is a flowchart illustrating control that is executed by
the ECU according to Embodiment 2 of the present invention.

FIG. 8 is a data map for determining a correction amount of
a deterioration determination value based on a degree of
opening ofthe WGV and an intake air amount in Embodiment
3 of the present invention.

FIG. 9 is a timing chart that shows a state in which the
deterioration determination value is corrected.

FIG. 10 is a flowchart illustrating control that is executed
by the ECU according to Embodiment 3 of the present inven-
tion.

DESCRIPTION OF EMBODIMENTS
Embodiment 1

[Configuration of Embodiment 1]

Hereunder, Embodiment 1 of the present invention is
described while referring to FIGS. 1 and 4. FIG. 1 is an overall
configuration diagram for describing the system configura-
tion of Embodiment 1 of the present invention. The system of
the present embodiment includes an engine 10 as an internal
combustion engine. A combustion chamber 14 is defined by a
piston 12 in each cylinder of the engine 10. Each piston 12 is
connected to a crankshaft 16 of the engine 10. The engine 10
also includes an intake passage 18 that draws intake air into
each cylinder, and an exhaust passage 20 through which
exhaust gas is discharged from each cylinder. An electroni-
cally controlled throttle valve 22 that adjusts an intake air
amount and an intercooler 24 that cools intake air are pro-
vided in the intake passage 18.

An exhaust purification catalyst 26 that purifies exhaust gas
is provided in the exhaust passage 20. The exhaust purifica-
tion catalyst 26 is composed by a three-way catalyst or the
like and, for example, includes an oxygen storage component
such as cerium dioxide (CeQO,) or zirconia. That is, the
exhaust passage 20 has an oxygen storage capability for stor-
ing and discharging oxygen in exhaust gas. Each cylinder is
provided with a fuel injection valve 28 that injects fuel into an
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intake port, a spark plug 30 that ignites an air-fuel mixture in
the cylinder, an intake valve 32 that opens and closes the
intake port with respect to the inside of the cylinder, and an
exhaust valve 34 that opens and closes an exhaust port with
respect to the inside of the cylinder.

The engine 10 also includes a known turbo-supercharger
36 that supercharges intake air utilizing an exhaust pressure.
The turbo-supercharger 36 is constituted by a turbine 364 that
is provided in the exhaust passage 20 on an upstream side of
the exhaust purification catalyst 26, and a compressor 365
that is provided in the intake passage 18. When the turbo-
supercharger 36 operates, the turbine 36a receives an exhaust
pressure and drives the compressor 365, and as a result the
compressor 365 supercharges intake air. A bypass passage 38
that bypasses the turbine 364, and a waste gate valve (WGV)
40 that adjusts the amount of exhaust gas flowing through the
bypass passage 38 are also provided in the exhaust passage
20.

The bypass passage 38 branches from the exhaust passage
20 on the upstream side of the turbine 36a, and then merges
with the exhaust passage 20 at a position that is on the down-
stream side of the turbine 36a and on the upstream side of the
exhaust purification catalyst 26. The WGV 40 opens and
closes the bypass passage 38 to thereby adjust the amount of
exhaust gas that flows through the bypass passage 38 in accor-
dance with the degree of opening thereof, and includes an
actuator 40a. The actuator 40a is configured so as to drive the
WGV 40 by means of an intake pressure or electric power
based on a control signal that is input from an ECU 60 that is
described later.

Next, a control system of the engine will be described. The
system according to the present embodiment includes a sen-
sor system that includes sensors 50 to 58, and an ECU (Flec-
tronic Control Unit) 60 that controls the operating state of the
engine 10. First, the sensor system will be described. A crank
angle sensor 50 outputs a signal that is synchronous with
rotation of the crankshaft 16. An airflow sensor 52 detects an
intake air amount of the engine. Further, an intake air pressure
sensor 54 detects an intake air pressure (supercharging pres-
sure) inside the intake passage 18.

An air-fuel ratio sensor 56 detects an air-fuel ratio in the
vicinity of the exhaust purification catalyst 26, and constitutes
air-fuel ratio detection means of the present embodiment. A
known sensor that is capable of continuously detecting an
air-fuel ratio and that outputs a signal that is proportional to
the air-fuel ratio is used as the air-fuel ratio sensor 56. The
air-fuel ratio sensor 56 is arranged at a position that is on a
downstream side of a position where the exhaust passage 20
and the bypass passage 38 merge and on an upstream side of
the exhaust purification catalyst 26. An oxygen concentration
sensor 58 detects an oxygen concentration in exhaust gas on
a downstream side of the exhaust purification catalyst 26, and
has a characteristic (Z characteristic) such that an output
value thereof changes suddenly between a rich side and a lean
side that take a theoretical air-fuel ratio as a boundary ther-
ebetween.

In addition to these sensors, the sensor system includes
various sensors that are required to control the engine 10 or
the vehicle (for example, a water temperature sensor that
detects a temperature of the engine cooling water, and an
accelerator sensor that detects an accelerator operation
amount of a driver). These sensors are connected to an input
side of the ECU 60. Further, various actuators including the
throttle valve 22, the fuel injection valve 28, the spark plug 30,
and the actuator 40a of the WGV 40 are connected to an
output side of the ECU 60.
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The ECU 60 is constituted, for example, by an arithmetic
processing apparatus that includes a storage circuit such as a
ROM or a RAM and an input/output port. The ECU 60 con-
trols the operation of the engine by driving each actuator
based on operating information of the engine that is detected
by the sensor system. More specifically, the ECU 60 detects
the number of engine revolutions and the crank angle based
on the output of the crank angle sensor 50, and calculates a
load based on an intake air amount that is detected by the
airflow sensor 52 and the number of engine revolutions. The
ECU 60 also calculates a fuel injection amount based on the
number of engine revolutions, the load and the like, and
decides the fuel injection timing and the ignition timing based
on the crank angle. In each cylinder, the ECU 60 drives the
fuel injection valve 28 at a time point at which a fuel injection
timing has been reached, and drives the spark plug 30 ata time
point at which an ignition timing has been reached. Thus, an
air-fuel mixture inside each cylinder can be combusted to
operate the engine 10.

The ECU 60 also executes supercharging pressure control
that controls the supercharging pressure in accordance with
the operating state of the engine. According to the super-
charging pressure control, the amount of exhaust gas that
passes through the turbine 364 of the turbo-supercharger 36 is
adjusted by changing the degree of opening of the WGV 40.
In addition, the ECU 60 executes active air-fuel ratio control
and catalyst deterioration determination control that are
described hereunder. These controls are described, for
example, in Japanese Patent Laid-Open No, 2010-159701.

(Active Air-Fuel Ratio Control)

According to this control, first, the ECU 60 alternately
changes a target air-fuel ratio At to a rich side and a lean side
around a theoretical air-fuel ratio (stoichiometric ratio). As a
result, the target air-fuel ratio At oscillates in a rectangular
shape (crank shape) to the rich side and lean side around the
stoichiometric ratio. The ECU 60 then controls an actual
air-fuel ratio Ar (fuel injection mount) that is detected by the
air-fuel ratio sensor 56 so that the actual air-fuel ratio Ar
matches the target air-fuel ratio At that oscillates in this man-
ner. As a result, the actual air-fuel ratio Ar oscillates with a
slight time lag relative to the target air-fuel ratio At. Further,
in the active air-fuel ratio control, the target air-fuel ratio At is
switched at a timing that reflects an output of the oxygen
concentration sensor 58 that is arranged on the downstream
side of the exhaust purification catalyst 26.

More specifically, for example, when the target air-fuel
ratio At has been set to the lean side, the actual air-fuel ratio Ar
also changes to the lean side to track the target air-fuel ratio
At, and hence lean gas is supplied to the exhaust purification
catalyst 26. In this case, in a state in which the oxygen storage
capability of the catalyst 26 is not saturated, since oxygen in
the lean gas is stored in the catalyst 26, the air-fuel ratio on the
downstream side of the catalyst is maintained at approxi-
mately the stoichiometric ratio, and the output of the oxygen
concentration sensor 58 is maintained at the output value (rich
side) that was inverted to immediately prior thereto. However,
as time passes and the oxygen storage capability of the cata-
lyst 26 saturates, lean gas flows out to the downstream side of
the catalyst 26, and hence the output of the oxygen concen-
tration sensor 58 inverts to the lean side. The target air-fuel
ratio At is switched to the rich side from the lean side at the
time point at which this inversion of the output is detected.

On the other hand, when the target air-fuel ratio At is
switched to the rich side, although rich gas is supplied to the
catalyst 26, during a period in which oxygen is being dis-
charged from the catalyst 26 into the rich gas, the air-fuel ratio
on the downstream side of the catalyst is maintained at
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approximately the stoichiometric ratio and the output of the
oxygen concentration sensor 58 is maintained on the lean
side. Subsequently, when discharge of the oxygen of the
catalyst 26 is completed, rich gas flows out to the downstream
side of the catalyst 26 and consequently the output of the
oxygen concentration sensor 58 inverts to the rich side.
Therefore, according to the active air fuel ratio control, the
length of an oscillation period of the target air-fuel ratio At
depends on the oxygen storage capability of the exhaust puri-
fication catalyst 26, and shortens as the oxygen storage capa-
bility decreases.

(Catalyst Deterioration Determination Control)

This control determines the degree of deterioration of the
exhaust purification catalyst 26 during execution of active
air-fuel ratio control in a state in which the engine 10 is in a
steady operational state and the exhaust purification catalyst
26 has been activated. In the catalyst deterioration determi-
nation control, first, an increment AOSC of the oxygen stor-
age capacity is calculated by Equation (1) below. Note that,
the term “increment AOSC of the oxygen storage capacity”
refers to an oxygen storage capacity that is computed by the
ECU 60 for each sampling period of the sensor output.

AOSC=AAxOxK o)

In Equation (1) above, Q represents a fuel injection
amount, and AA represents an air-fuel ratio deviation. The
air-fuel ratio deviation AA is calculated as an absolute value
of a difference between the actual air-fuel ratio Ar and a
theoretical air-fuel ratio As (AA=IAr-Asl). Further, K is a
constant corresponding to the proportion of oxygen contained
in the air.

In the next processing, in a rich period that is a period from
when the target air fuel ratio At changes to the rich side until
the target air-fuel ratio At returns to the lean side, or in a lean
period from when the target air-fuel ratio At changes to the
lean side until the target air-fuel ratio At returns to the rich
side, the increments AOSC of the oxygen storage capacity
during the relevant period are integrated, and the integrated
value is calculated as a final oxygen storage capacity OSC.
Note that, the mean of the oxygen storage capacity OSC
during a rich period and the oxygen storage capacity OSC
during a lean period may also be taken as the final oxygen
storage capacity OSC.

In the next processing, the ECU 60 compares the final
oxygen storage capacity OSC and a predetermined deterio-
ration determination value S to thereby determine whether or
not the exhaust purification catalyst 26 is deteriorating. In this
processing, the oxygen storage capacity OSC is greater than
the deterioration determination value S, the ECU 60 deter-
mines that the catalyst 26 is normal, while if the oxygen
storage capacity OSC is less than or equal to the deterioration
determination value S the ECU 60 determines that the catalyst
26 is deteriorating. Since the oxygen storage capacity of the
catalyst 26 has a characteristic of decreasing as deterioration
progresses, the degree of deterioration of the catalyst 26 can
be determined by the above described determination process-
ing.

In the engine 10 that is equipped with a turbo, on the
upstream side of the catalyst 26 (air-fuel ratio sensor 56), a
part of the exhaust passage 20 and the bypass passage 38 are
arranged in parallel with each other. Consequently, when
executing supercharging control, some exhaust gas arrives at
the catalyst 26 by passing through only the exhaust passage
20 (turbine 36a of the turbo-supercharger 36) and some
exhaust gas arrives at the catalyst 26 by passing through the
bypass passage 38. A difference in characteristics as
described hereunder is liable to arise between these two kinds
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of exhaust gas. FIG. 2 is an explanatory drawing for describ-
ing a difference between the flow of exhaust gas that has
passed through the turbine of the turbo-supercharger and the
flow of exhaust gas that has passed through the bypass pas-
sage. FIG. 3 is an explanatory drawing for describing a dif-
ference between air-fuel ratio fluctuations of these exhaust
gases.

As shown in FIG. 2, in recent years, to conform to emission
requirements and the like, there is a tendency to arrange the
exhaust purification catalyst 26 on the engine main body side,
that is, close to the turbine 36a side to improve warm-up
characteristics of the catalyst, and the degree of design flex-
ibility has been reduced as a result of such proximity. Accord-
ing to this arrangement structure, since exhaust gas that has
passed through the turbine 36a arrives at the air-fuel ratio
sensor 56 immediately after being agitated by the turbine 364,
in comparison to the exhaust gas that has passed through the
bypass passage 38, there is a tendency for the flow of the gas
to be uniformized in the area surrounding the air-fuel ratio
sensor 56.

Further, as shown in FIG. 3, in a state in which active
air-fuel ratio control is being executed, a fluctuation wave-
form of the air-fuel ratio of exhaust gas that has passed
through the bypass passage 38 is approximately equal to the
case of a naturally aspirated engine. In contrast, in the case of
exhaust gas that has passed through the turbine 364, there is a
tendency for vector directions of the exhaust motion to
diverge, and hence the mount of fluctuation (oscillation
width) of the air-fuel ratio tends to decrease. Accordingly,
when a ratio between exhaust gas that passes through the
turbine 36a and exhaust gas that passes through the bypass
passage 38 changes in accordance with the degree of opening
of'the WGV 40, the actual air-fuel ratio Ar that is detected by
the air-fuel ratio sensor 56 fluctuates and there is a risk that the
determination accuracy of the catalyst deterioration determi-
nation control will decrease.

Therefore, according to the present embodiment a configu-
ration is adopted that closes (preferably, fully closes) the
WGV 40 when executing catalyst deterioration determina-
tion control. According to this configuration, when determin-
ing deterioration of the catalyst 26, it is possible to block the
bypass passage 38 and thereby allow only exhaust gas thathas
passed through the turbine 36a to reach the area surrounding
the air-fuel ratio sensor 56. As a result, in the area surrounding
the air-fuel ratio sensor 56, the flow of exhaust gas and fluc-
tuations in the air-fuel ratio can be always stabilized without
being affected by supercharging control. In particular, since
the exhaust gas that passed through the turbine 364 is uni-
formized in comparison to the exhaust gas that passed
through the bypass passage 38, and fluctuations in the air-fuel
ratio thereof are small, the oxygen storage capacity OSC
measurement periods (the aforementioned rich period and
lean period) can be lengthened. As a result, since a measure-
ment value of the oxygen storage capacity OSC can be
increased, a signal-to-noise ratio thereof can be improved and
a stabilized measurement value can be obtained. Accordingly,
in an engine with a turbo also, deterioration of the catalyst 26
can be accurately determined and a decrease in the determi-
nation accuracy and an erroneous determination can be
avoided, and the reliability can be enhanced.

[Specific Processing to Realize Embodiment 1]

Next, specific processing to realize the above described
control is described referring to FIG. 4. FIG. 4 is a flowchart
that illustrates control executed by the ECU according to
Embodiment 1 of the present invention. The routine shown in
FIG. 4 is repeatedly executed during operation of the engine.
According to the routine shown in FIG. 4, first, in step 100, the
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ECU 60 determines whether or not a need has arisen to
perform a deterioration determination with respect to the
exhaust purification catalyst 26. This need arises, for
example, when a predetermined time has elapsed since the
previous deterioration determination.

If a need to execute a deterioration determination has
arisen, in step 102 the ECU 60 closes the WGV 40. Next, in
step 104, the ECU 60 executes catalyst deterioration deter-
mination control while executing the above described active
air-fuel ratio control. Further, after step 104 ends, arestriction
on opening of the WGV 40 is released, and supercharging
control is executed as necessary. Note that, in the above
described Embodiment 1, step 102 in FIG. 4 shows a specific
example of determination-time valve closing means accord-
ing to claim 1, and step 104 in FIG. 4 shows a specific
example of active air-fuel ratio control means and deteriora-
tion determination means.

Embodiment 2

Next, Embodiment 2 of the present invention is described
with reference to FIG. 5 to FIG. 7. A feature of the present
embodiment is that, with a similar configuration to that of the
above described Embodiment 1, an oscillation width of a
target air-fuel ratio is corrected when executing catalyst dete-
rioration determination control. Note that, according to the
present embodiment, components that are the same as in
Embodiment 1 are denoted by the same reference symbols,
and a description of such components is omitted.

[Features of Embodiment 2]

According to the present embodiment, when executing the
catalyst deterioration determination control, correction con-
trol is executed with respect to the target air-fuel ratio without
closing the WGV 40. In the correction control, the oscillation
width of the target air-fuel ratio At that is controlled by active
air-fuel ratio control is corrected on the basis of a degree of
opening of the WGV 40 and an intake air amount. FIG. 5
shows data map for determining an oscillation width correc-
tion amount of a target air-fuel ratio based on a degree of
opening of the WGV and an intake air amount according to
Embodiment 2 of the present invention. Further, FIG. 6 is a
timing chart that shows a state in which the oscillation width
of'the target air-fuel ratio is corrected. Note that a determina-
tion execution flag shown in FIG. 6 is a graph that is set when
executing catalyst deterioration determination control.

In FIG. 5, an oscillation width correction amount D of the
target air-fuel ratio is a correction amount that corrects an
oscillation width (IAt-Asl) of the target air-fuel ratio At with
respect to the theoretical air-fuel ratio As in a decreasing
direction. That is, as shown in FIG. 6, an oscillation width of
the target air-fuel ratio At decreases as the oscillation width
correction amount D increases. In the target air-fuel ratio
correction control, as shown in FIG. 5, the smaller that the
degree of opening of the WGV 40 is, or the larger that the
intake air amount of the engine is, the greater the degree to
which the oscillation width correction amount D is increased
and the oscillation width of the target air-fuel ratio is
decreased. Note that, in the aforementioned correction con-
trol, for example, the oscillation width correction amount D is
set by taking a state in which the WGV 40 is kept fully open
and the intake air amount is a predetermined flow rate as a
reference state. That is, the oscillation width correction
amount D is set so as to be zero in the aforementioned refer-
ence state.

The following operational advantages can be obtained
according to the above described target air-fuel ratio correc-
tion control. First, a measurement value of the oxygen storage
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capacity OSC that is measured by the catalyst deterioration
determination control has a characteristic of increasing as the
degree of opening of the WGV 40 decreases or the intake air
amount increases. Further, as will be understood from the
aforementioned calculation method, the measurement value
increases as the oscillation width of the target air-fuel ratio At
becomes larger. Therefore, according to the above described
correction control, for example, in a case where the measure-
ment value deviates in an increasing direction with respect to
the reference state due to a change in the degree of opening of
the WGV or the intake air amount, the oscillation width of the
target air-fuel ratio At is decreased so as to cancel out the
deviation.

Accordingly, when measuring the oxygen storage capacity
OSC, the influence on a measurement value of a change in the
degree of opening of the WGV or the intake air amount can be
corrected by performing the correction control with respectto
the target air-fuel ratio At. That is, the oxygen storage capac-
ity OSC can be stably measured under fixed conditions (a
reference state) without being affected by these changes and
an accurate measurement value can be obtained. Conse-
quently, in an engine with a turbo also, deterioration of the
catalyst 26 can be accurately determined and a decrease in the
determination accuracy and an erroneous determination can
be avoided, and thus the reliability can be enhanced. In addi-
tion, according to the present embodiment, when measuring
the oxygen storage capacity OSC, since it is not necessary to
stop normal supercharging control and forcibly change the
degree of opening of the WGV, drivability can be enhanced.
Furthermore, when an oscillation width of the target air-fuel
ratio At is corrected in a decreasing direction, the oscillation
width of the actual air-fuel ratio Ar is decreased in accompa-
niment therewith and thus exhaust emissions at the time of
deterioration detection can be improved.

[Specific Processing to Realize Embodiment 2]

Next, specific processing for implementing the above
described control is described with reference to FIG. 7. FIG.
7 is a flowchart illustrating control that is executed by the
ECU according to Embodiment 2 of the present invention. It
is assumed that the routine shown in FIG. 7 is repeatedly
executed during operation of the engine. According to the
routine shown in FIG. 7, first, in step 200, similarly to
Embodiment 1, the ECU 60 determines whether or not a need
has arisen to execute a deterioration determination.

If a need to execute a deterioration determination has
arisen, in step 202 the ECU 60 executes the catalyst deterio-
ration determination control while executing the active air
fuel ratio control. Next, in step 204, the ECU 60 reads in the
degree of opening of the WGV 40 that is set by the super-
charging control or the like, and an intake air amount detected
by the airflow sensor 52. Subsequently, in step 206, by refer-
ring to the data shown in the aforementioned FIG. 5 based on
these values that have been read, the ECU 60 calculates the
oscillation width correction amount D of the target air-fuel
ratio, and corrects the target air-fuel ratio At based on the
calculated value.

Note that, in the above described Embodiment 2, step 202
in FIG. 7 shows a specific example of active air-fuel ratio
control means and deterioration determination means accord-
ing to claim 2, and step 206 and FIG. 5 show a specific
example of amplitude correction means according to claims 2
and 3.

Embodiment 3

Next, Embodiment 3 of the present invention is described
with reference to FIG. 8 to FIG. 10. A feature of the present
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embodiment is that, with a similar configuration to the above
described Embodiment 1, a deterioration determination value
is corrected when executing catalyst deterioration determina-
tion control. Note that, according to the present embodiment,
components that are the same as in Embodiment 1 are denoted
by the same reference symbols, and a description of such
components is omitted.

[Features of Embodiment 3]

According to the present embodiment, when executing the
catalyst deterioration determination control, correction con-
trol is executed with respect to the deterioration determina-
tion value S without closing the WGV 40. In the correction
control, the deterioration determination value S that is com-
pared to a measurement value of the oxygen storage capacity
OSCis corrected based on a degree of opening of the WGV 40
and an intake air amount. FIG. 8 is a data map for determining
a correction amount of a deterioration determination value
based on a degree of opening of the WGV and an intake air
amount in Embodiment 3 of the present invention. Further,
FIG. 9 is a timing chart that shows a state in which the
deterioration determination value is corrected. Note that a
determination execution flag shown in FIG. 9 is a graph that
is set when executing catalyst deterioration determination
control.

In FIG. 8, a determination value correction amount E is a
correction amount that corrects the deterioration determina-
tion value S in a decreasing direction. As shown in FIG. 9, the
deterioration determination value S decreases as the determi-
nation value correction amount E increases. As shown in FIG.
8, in the deterioration determination value correction control,
the smaller that the degree of opening of the WGV 40 is, or the
larger that the intake air amount of the engine is, the greater
the degree to which the determination value correction
amount E is increased and the deterioration determination
value S is decreased. Note that, in the aforementioned correc-
tion control, for example, the determination value correction
amount E is set by taking a state in which the WGV 40 is kept
fully open and the intake air amount is a predetermined flow
rate as a reference state. That is, the determination value
correction amount E is set so as to be zero in the aforemen-
tioned reference state.

The following operational advantages can be obtained
according to the above described deterioration determination
value correction control. First, in an engine with a turbo, to
avoid a situation in which a supercharging pressure becomes
excessive, it is necessary to open the WGV 40 at an appro-
priate timing. If the need to open the WGV 40 arises in this
manner, the ECU 60 forcibly opens the WGV 40, even during
execution of the catalyst deterioration determination control.
When the WGV 40 is opened, a measurement value of the
oxygen storage capacity USC has a characteristic of increas-
ing as the degree of opening of the WGV 40 decreases or the
intake air amount increases. In this respect, according to the
above described correction control, for example, if the mea-
surement value deviates in an increasing direction relative to
the reference state due to a change in the degree of opening of
the WGV or the intake air amount, the deterioration determi-
nation value S is decreased so as to prevent an erroneous
determination due to the measurement value that deviates in
the increasing direction.

Accordingly, when measuring the oxygen storage capacity
OSC, even when a change in the degree of opening of the
WGV or a change in the intake air amount acts as a distur-
bance, the influence of these changes on the measurement
value can be corrected by performing the correction control
with respect to the deterioration determination value S. Thus,
the oxygen storage capacity OSC can be stably measured
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under fixed conditions (a reference state), and a signal-to-
noise ratio of the measurement value with respect to the
disturbance can be improved. Therefore, in an approximately
similar manner to the foregoing Embodiment 2, in an engine
with a turbo also, deterioration of the catalyst 26 can be
accurately determined and a decrease in the determination
accuracy and an erroneous determination can be avoided.

[Specific Processing to Realize Embodiment 3]

Next, specific processing for implementing the above
described control is described with reference to F1IG. 10. FIG.
10 is a flowchart illustrating control that is executed by the
ECU according to Embodiment 3 of the present invention. It
is assumed that the routine shown in FIG. 10 is repeatedly
executed during operation of the engine. According to the
routine shown in FIG. 10, first, in step 300, similarly to
Embodiment 1, the ECU 60 determines whether or not a need
has arisen to perform a deterioration determination.

If a need to execute a deterioration determination has
arisen, in step 302 the ECU 60 executes the catalyst deterio-
ration determination control while executing the active air-
fuel ratio control. Next, in step 304, similarly to the above
described Embodiment 2, the ECU 60 reads in the degree of
opening of the WGV 40 and the intake air amount. Subse-
quently, in step 306, the ECU 60 calculates the determination
value correction amount E by referring to the data shown in
the aforementioned FIG. 8 based on these values that are read.
The ECU 60 then corrects the deterioration determination
value S based on the determination value correction amount
E.

Note that, in the above described Embodiment 3, step 302
in FIG. 10 shows a specific example of active air-fuel ratio
control means and deterioration determination means accord-
ing to claim 4. Further, step 306 and FIG. 8 show a specific
example of determination value correction means according
to claims 4 and 5.

In Embodiments 2 and 3, examples are described in which
an oscillation width of a target air-fuel ratio and a deteriora-
tion determination value are individually corrected. However,
the present invention is not limited to these examples, and a
configuration may also be adopted that combines Embodi-
ments 2 and 3. That is, according to the present invention, a
configuration may also be adopted that performs correction of
an oscillation width of a target air-fuel ratio and correction of
a deterioration determination value together.

In addition, in Embodiments 2 and 3, a state in which the
WGV 40 is fully open is used as a reference state when
correcting an oscillation width of a target air-fuel ratio and a
deterioration determination value. However, the present
invention is not limited thereto, and a state in which the WGV
40 is fully closed or a state in which the WGV 40 is main-
tained at a predetermined intermediate degree of opening
may also be used as the reference state.

DESCRIPTION OF REFERENCE NUMERALS

10 engine (internal combustion engine), 12 piston, 14 com-
bustion chamber, 16 crankshaft, intake passage, 20 exhaust
passage, 22 throttle valve, 24 intercooler, 26 exhaust purifi-
cation catalyst, 28 fuel injection valve, 30 spark plug, 32
intake valve, 34 exhaust valve, 36 turbo-supercharger, 36a
turbine, 365 compressor, 38 bypass passage, 40 waste gate
valve, 40a actuator, 50 crank angle sensor, 52 airflow sensor,
54 intake air pressure sensor, 56 air-fuel ratio sensor (air-fuel
ratio detection means), 58 oxygen concentration sensor, 60
ECU, At target air-fuel ratio, Ar actual air-fuel ratio, S dete-
rioration determination value
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The invention claimed is:

1. A control apparatus for an internal combustion engine,
comprising:

an exhaust purification catalyst that is provided in an
exhaust passage of the internal combustion engine and
that has an oxygen storage capability;

a turbo-supercharger that has a turbine that is provided in
the exhaust passage on an upstream side of the exhaust
purification catalyst, and that supercharges intake air
utilizing an exhaust pressure;

a bypass passage that branches from the exhaust passage on
an upstream side of the turbine, and bypasses the turbine
and merges with the exhaust passage on the upstream
side of the exhaust purification catalyst;

a waste gate valve that adjusts an amount of exhaust gas
that flows through the bypass passage;

air-fuel ratio detection unit that is arranged on a down-
stream side of a merging position where the exhaust
passage and the bypass passage merge, and that detects
an air-fuel ratio in a vicinity of the exhaust purification
catalyst;

active air-fuel ratio control unit that alternately changes a
target air-fuel ratio to a rich side and a lean side around
a theoretical air-fuel ratio, and controls an actual air-fuel
ratio that is detected by the air-fuel ratio detection unit so
that the actual air-fuel ratio matches the target air-fuel
ratio;

deterioration determination unit that measures an oxygen
storage capacity of the exhaust purification catalyst
based on the target air-fuel ratio and the actual air-fuel
ratio in a state in which the actual air-fuel ratio is con-
trolled by the active air-fuel ratio control unit, and deter-
mines deterioration of the exhaust purification catalyst
by comparing a relevant measurement value of the oxy-
gen storage capacity with a predetermined deterioration
determination value; and

amplitude correction unit that, when the deterioration
determination unit determines the deterioration of the
exhaust purification catalyst, corrects an oscillation
width of the target air-fuel ratio around the theoretical
air-fuel ratio based on a degree of opening of the waste
gate valve.

2. The control apparatus for an internal combustion engine
according to claim 1, wherein the amplitude correction unit is
configured to decrease the oscillation width of the target
air-fuel ratio as the degree of opening of the waste gate valve
decreases.

3. A control apparatus for an internal combustion engine,
comprising:

an exhaust purification catalyst that is provided in an
exhaust passage of the internal combustion engine and
that has an oxygen storage capability;

a turbo-supercharger that has a turbine that is provided in
the exhaust passage on an upstream side of the exhaust
purification catalyst, and that supercharges intake air
utilizing an exhaust pressure;

a bypass passage that branches from the exhaust passage on
an upstream side of the turbine, and bypasses the turbine
and merges with the exhaust passage on the upstream
side of the exhaust purification catalyst;

a waste gate valve that adjusts an amount of exhaust gas
that flows through the bypass passage;

air-fuel ratio detection unit that is arranged on a down-
stream side of a merging position where the exhaust
passage and the bypass passage merge, and that detects
an air-fuel ratio in a vicinity of the exhaust purification
catalyst;
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active air-fuel ratio control unit that alternately changes a
target air-fuel ratio to a rich side and a lean side around
a theoretical air-fuel ratio, and controls an actual air-fuel
ratio that is detected by the air-fuel ratio detection unit so
that the actual air-fuel ratio matches the target air-fuel 5
ratio;
deterioration determination unit that measures an oxygen
storage capacity of the exhaust purification catalyst
based on the target air-fuel ratio and the actual air-fuel
ratio in a state in which the actual air-fuel ratio is con- 10
trolled by the active air-fuel ratio control unit, and deter-
mines deterioration of the exhaust purification catalyst
by comparing a relevant measurement value of the oxy-
gen storage capacity with a deterioration determination
value; and 15
determination value correction unit that, when the deterio-
ration determination unit determines the deterioration of
the exhaust purification catalyst, corrects the deteriora-
tion determination value based on a degree of opening of
the waste gate valve. 20
4. The control apparatus for an internal combustion engine
according to claim 3, wherein the determination value cor-
rection unit is configured to take a state that the waste gate
valve is kept fully open as a reference state, and decrease the
deterioration determination value as the degree of opening of 25
the waste gate valve decreases from the reference state.
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